Nonthermal Plasma (NTP) Induces Viable but Nonculturable (VBNC) State in Staphylococcus aureus via Metabolic Suppression and Oxidative Stress Response.
As a novel sterilization technology, nonthermal plasma (NTP) has attracted a lot of attention. However, it could induce microorganisms into a viable but nonculturable (VBNC) state, posing a potential risk to food safety and public health. In this study, the molecular mechanisms of VBNC Staphylococcus aureus induced by NTP was investigated. With the use of a propidium monoazide quantitative polymerase chain reaction (PMA-qPCR) technique combined plate count method, we confirmed that 8.1∼24.3 KJ NTP induced S. aureus into a VBNC state at a level of 7.4 to 7.6 log10 CFU/mL. The transcriptomic analysis was conducted and revealed that most energy-dependent physiological activities (e.g., metabolism) were arrested in VBNC S. aureus, while the oxidative stress response-related genes (katA, dps, msrB, msrA, trxA) were significantly up regulated. In addition, this study showed that the ATP depletion by carbonyl cyanide m-chlorophenyl hydrazone (CCCP) pretreatment could accelerate the formation of VBNC S. aureus The NTP generated oxidative stress triggers the staphylococcal oxidative stress response, which consumes part of cellular energy (e.g., ATP). The energy allocation is therefore changed, and the energy assigned for other energy dependent physiological activities (cell growth and division, etc.) is reduced, subsequently forcing S. aureus into a VBNC state. Therefore, the alterations of energy allocation should be one of major contributors to the induction of VBNC S. aureus with NTP exposure. This study provides valuable knowledge for controlling the formation of VBNC S. aureus during NTP treatment.IMPORTANCE In recent years, nonthermal plasma (NTP) technology have received a lot of attention as a promising alternative to thermal pasteurization in food industry. However, little is known about the microbial stress response towards NTP, which could be a potential risk to food safety and impede the development of NTP. Viable but nonculturable (VBNC) is one of the most common survival strategies employed by microorganisms against external stress. This study investigated the mechanisms of the formation of VBNC Staphylococcus aureus by NTP in a more comprehensive and systematic aspect. Our work confirmed that the NTP-generated oxidative stress induced changes in energy allocation, as a driving force for the formation of VBNC S. aureus This study could provide a better knowledge for controlling the occurrence of VBNC S. aureus induced by NTP, which could lead to more rational design and assure the development of safe foods.